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(54) RADIO WAVE REFLECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the detection sensitivity of a vehicle 
position using a radio wave by improving a scattering characteristic of the surface 
of the radio wave reflector. 

SOLUTION: A plurality of radiation elements 13 in resonance with a radio wave 
are arranged in an array at an interval of (d) on the surface of the radio reflector 
1 1 . A reflected signal level is increased with respect to a resonated radio wave. 



The reflected signal level is selectively increased with respect to a radio wave 
made incident at a prescribed incident angle depending on a wavelength of a 
radio wave and the interval (d) so as to improve the rear scattering characteristic 
much more thereby improving the detection sensitivity furthermore. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the electric-wave reflector which is an electric-wave reflector 
installed on the road surface in order to detect the location of a car using the 
electric wave of the wavelength more than a millimeter wave, and is 
characterized by said electric-wave reflector having the radiating element which 
reflects the electric wave by which incidence is resonated and carried out to the 
frequency of said electric wave on the front face. 

[Claim 2] Said electric wave is an electric-wave reflector according to claim 1 to 
which it is characterized by arranging two or more said radiating elements at 
intervals of [ from which the product of the spacing d along the travelling direction 
of a car and sintheta toward which only the include angle which has the 
wavelength lambda defined beforehand and is beforehand defined to the 
travelling direction of a car inclines serves as an integral multiple of wavelength 
lambda ] d by being transmitted caudad and carrying out incidence to said 
radiating element by the incident angle theta. 

[Claim 3] Said electric-wave reflector is an electric-wave reflector characterized 
by being the electric-wave reflector installed on the road surface in order to 
detect the location of a car using the electric wave of the wavelength more than a 
millimeter wave, and forming irregularity in the front face. 
[Claim 4] Said irregularity is an electric-wave reflector according to claim 3 which 
has the shape of a gear tooth of a saw and is characterized by reflecting the 
electric wave which carried out incidence in the direction which carried out 
incidence. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is installed on a road surface and relates to 
the electric-wave reflector which detects the location of a car using an electric 
wave. 
[0002] 

[Description of the Prior Art] Conventionally, in order to perform unattended 
operation of a car, the technique of detecting the relative position of the car to a 
roadway is known. 

[0003] For example, the technique of laying a light reflex tape to a roadway, 
forming two-piece 1 set of photosensors in a car below at the width of face of a 
reflective tape, and detecting a car posture in a publication-number No. 106910 
[ one to ] official report is indicated. In addition, a road surface is photoed with a 
mounted camera and the technique of detecting the relative position of the car to 
a white line by extracting the white line in a screen is also known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when using a light reflex 
tape, sufficient light reflex may not be obtained with the dirt of a tape etc. 



Moreover, at any rate, if it was indoor, since it had the influence of rain, snow, 
etc., and light was often reflected by not only a light reflex tape but the puddle 
when it is especially rainy weather, on the street [ actual ] had the problem which 
cannot detect a car location with high precision. When a mounted camera was 
used, it was easy to be influenced of the weather similarly, and the time of rainy 
weather was not enough as the contrast of a white line and other parts of a road 
surface, and there was a problem which cannot extract a white line with high 
precision. 

[0005] Then, as shown in drawing 7 , there is an idea of detecting a car location, 
using the electric wave of the wavelength more than a millimeter wave. That is, 
the electric-wave reflector 2 as a rain marker is formed in the predetermined 
location of a road surface 1 , for example, the center of a road surface 1 , and a 
car location is detected by detecting the existence of the electric-wave reflector 2 
from the reflectivity of the electric wave which formed the electric-wave 
transmitter-receiver 4 in the car 3, and was transmitted to it. However, since 
reflectivity may change with change of the radio-scattering property in the front . 
face of the electric-wave reflector 2 etc., in order to detect a car location with a 
sufficient precision, a certain cure is needed. As shown in drawing 8 , especially 
to transmit an electric wave ahead [ slanting / 7 ] only the include angle psi 
inclined to the travelling direction 6 of a car 3 from an antenna 5 and perform 
location detection of the front electric-wave reflector 2, it is necessary to improve 
the reflection property to back. 

[0006] The purpose of this invention is offering the electric-wave reflector which 
can improve the dispersion property of the front face of an electric-wave reflector, 
and can improve the detection sensitivity of a car location using an electric wave. 
[0007] 

[Means for Solving the Problem] This invention is the electric-wave reflector 
installed on the road surface, in order to detect the location of a car using the 
electric wave of the wavelength more than a millimeter wave, and it is the 
electric-wave reflector characterized by said electric-wave reflector having the 



radiating element which reflects the electric wave by which incidence is 
resonated and carried out to the frequency of said electric wave on the front face. 
If this invention is followed, in the front face of an electric-wave reflector, it 
resonates in the frequency of the electric wave for location detection, and has the 
radiating element which reflects the electric wave by which incidence is carried 
out. For example, a radiating element can be formed by printing the configuration 
of a half-wave length dipole antenna, a patch antenna, etc. Since the reflectivity 
of the electric wave from the front face of an electric-wave reflector increases, a 
backscattering property can be improved and detection sensitivity (S/C ratio) can 
be improved. 

[0008] Moreover, it is characterized by arranging more than one at intervals of 
[ from which the product of the spacing d toward which only the include angle 
which has the wavelength lambda which defines said electric wave beforehand 
by this invention, and is beforehand defined to the travelling direction of a car 
inclines, and to which it is caudad transmitted, incidence is carried out to said 
radiating element by the incident angle theta, and said radiating element meets 
the travelling direction of a car, and sintheta serves as an integral multiple of 
wavelength lambda ] d. If this invention is followed, it will have the wavelength 
lambda defined beforehand, it will be transmitted to the lower part toward which 
only the include angle beforehand defined to the travelling direction of a car 
inclines, and incidence of the electric wave used for car location detection will be 
carried out to a radiating element by the incident angle theta. The difference of 
the advance distance of the electric wave which reflects by the adjoining 
radiating element and returns in the direction of incidence can make reflective 
signal level max, without denying mutually, since it becomes the product of 
spacing d and sintheta and this value serves as an integral multiple of the 
wavelength lambda of an electric wave. 

[0009] Furthermore, this invention is the electric-wave reflector installed on the 
road surface, in order to detect the location of a car using the electric wave of the 
wavelength more than a millimeter wave, and said electric-wave reflector is an 



electric-wave reflector characterized by forming irregularity in the front face. If 
this invention is followed, since irregularity is formed in the front face of an 
electric-wave reflector, the backscattering property over the electric wave by 
which incidence is carried out to a front face can be improved rather than a 
smooth front face, and the detection sensitivity of a car location using an electric 
wave can be improved. 

[0010] Moreover, by this invention, said irregularity has the shape of a gear tooth 
of a saw, and is characterized by reflecting the electric wave which carried out 
incidence in the direction which carried out incidence. If this invention is followed, 
since the irregularity of the shape of a gear tooth of a saw will be formed in the 
front face of an electric-wave reflector and the electric wave which carried out 
incidence will be reflected in the direction of incidence, the electric wave by which 
incidence is carried out can be strongly reflected in the direction of incidence, 
and the detection sensitivity of a car location using an electric wave can be 
improved. 
[0011] 

[Embodiment of the Invention] Drawing 1 and drawing 2 show the rough 
configuration of the electric-wave reflector 1 1 as one gestalt of operation of this 
invention. A perspective view with partial drawing 1 and drawing 2 show a partial 
side-face sectional view, respectively. The electric-wave reflector 1 1 is installed 
on the road surface 12 of a road, in order to use the electric wave of the 
wavelength more than a millimeter wave and to perform location detection etc., 
while cars, such as an automobile, run. On the front face of the electric-wave 
reflector 11, with the ingredient which has conductivity, such as a metallic foil, 
two or more radiating elements 13 are printed in the shape of an array, and are 
arranged. The fixed spacing d is formed between each radiating element 13. The 
array of such a radiating element 13 is the same structure as the microstrip 
antenna (abbreviated name "MSA") without electric supply Rhine for supplying 
high-frequency power with a predetermined phase which carried out 
arrangement printing of the radiating element non-supplied electric power at the 



shape of an array. 

[0012] The body of the electric-wave reflector 1 1 is formed by the insulator 14 
which has endurance and electric insulation. A coating with the endurance 
currently used for the display path on the street as an insulator 14 etc. is used. 
When installing in an actual road etc., you may make it cover a front-face [ of the 
electric-wave reflector 1 1 ], and radiating element 13 top by the insulating coat 
further for protection. 

[0013] A radiating element 13 has a circular patch and the notch prepared in the 
both ends of the one diameter. If a radiating element 13 has the resonance 
frequency which becomes settled from the configuration and the electric wave of 
resonance frequency carries out incidence as an electromagnetic wave, it will be 
excited and will emit the electric wave of the frequency alternatively. The 
magnitude of a radiating element 13 is roughly equivalent to the wavelength 
lambda to resonance frequency, and becomes so small that wavelength lambda 
is short. As other formats of a radiating element 13, a rectangular patch, a 
rectangular half-wave length dipole antenna, etc. can also be used. Moreover, if 
the electric wave of two or more frequencies is used for location detection and 
resonance frequency is changed, a system which identifies a frequency by the 
electric-wave reflector 1 1 side is realizable. 

[0014] Drawing 3 shows change of the reflection coefficient to the incident angle 
when arranging a radiating element 13 in the shape of an array at intervals of 
[ fixed ] d, as shown in drawing 1 . Drawing 4 shows the condition that incidence 
of the electric wave is carried out to two or more radiating elements 13 as an 
incident wave 17, respectively. As for each incident wave 17, incidence of the 
incident angle theta is carried out in the fixed condition to the normal 18 of each 
radiating element 13. Consequently, between the electric waves reflected by the 
radiating element 13 which adjoins in the direction of incidence, the path 
difference delta as shown by the 1st following formula arises. 
[0015] 

delta = dxsintheta - (1) 



If path difference delta serves as an integral multiple of the wavelength lambda of 
an electric wave, the electric wave reflected towards the direction of incidence of 
an electric wave by the adjoining radiating element 13 will be emphasized as 
compared with the electric wave reflected towards other directions. Namely, 
when the 2nd following formula is materialized considering n as an integer (n= 1 , 
2 and 3, --), reflective signal level can be theoretically stopped to attenuation of 
about 13dB by theta= 0 in the direction of a normal 18 as compared with the time 
of carrying out incidence. 
[0016] 
[Equation 1] 

«=7he xn - (2 > 

[0017] An incident wave 17 is usually emitted from the antenna 20 which made 
only the fixed include angle psi (psi=pi / 2-theta) incline caudad to the travelling 
direction of a car, as shown in drawing 8 . if it is psi=pi / 2, theta= 0 [ i.e., ], 
reflective signal level will serve as max - although kicked - a car - present - 
reign - only sensing of the electric-wave reflector 1 1 corresponding to a value 
can be performed. When operating the car which is running at a rate with more 
practical seeing the slanting front, the location of the electric-wave reflector 1 1 
can be preceded to some extent, and can be detected. 
[0018] Drawing 5 shows the rough configuration of the electric-wave reflector 41 
of the gestalt of further others of operation of this invention. Drawing 5 (1 ) shows 
a partial side-face sectional view, and drawing 5 (2) shows a partial top view, 
respectively. The electric-wave reflector 41 of this operation gestalt consists of 
the insulating material as the insulating material 14 of the operation gestalt of 
drawing 1 with the same whole, and the irregularity 42 which acts as a square 
drill-like corner reflector is formed in the front face. Let magnitude of irregularity 
42 be extent do not consider that is smooth to the wavelength of the electric 
wave for location detection. By forming such irregularity 42 in a front face, a 
monotonous twist can also improve the backscattering property over an electric 



wave, and the detection sensitivity by the electric wave can be raised. 
[0019] Drawing 6 shows the condition that an incident wave 45 is reflected in the 
direction of incidence as a reflected wave 46, as a gestalt of further others of this 
invention by the electric-wave reflector 51 by which the irregularity of the shape 
of a gear tooth of a saw is formed in a front face. Drawing 6 (1) shows the 
condition of returning a reflected wave 46 in the direction parallel to the direction 
of incidence from the sloping direction to the normal of the front face of the 
electric-wave reflector 51 to the incident wave 45 by which incidence is carried 
out. Drawing 6 (2) shows the condition of returning directly the incident wave 45 
by which incidence is carried out at right angles to the front face of the electric- 
wave reflector 51 in the direction of incidence as a reflected wave 46. Drawing 6 
(3) shows the partial appearance of the electric-wave reflector 51. The electric 
wave which carries out incidence of the irregularity of the front face of the 
electric-wave reflector 51 by considering as the shape of a gear tooth of the 
unsymmetrical saw which made the inclination loose in the direction of incidence 
of an electric wave is reflected in the direction of incidence, or the direction 
parallel to it, and a backscattering property can be improved rather than the 
symmetrical irregularity 42 of the shape of a square drill as shown in drawing 5 . 
[0020] 

[Effect of the Invention] As mentioned above, according to this invention, in the 
front face of an electric-wave reflector, it resonates in the frequency of an electric 
wave and has the radiating element which reflects the electric wave by which 
incidence is carried out. Since the reflectivity of the electric wave from the front 
face of an electric-wave reflector increases, a backscattering property can be 
improved and detection sensitivity can be improved. 

[0021] Moreover, since according to this invention it is set up so that the spacing 
d of a radiating element may make reflective signal level max, detection 
sensitivity can be raised. 

[0022] Furthermore, according to this invention, only by forming irregularity in the 
front face of an electric-wave reflector, the backscattering property over the 



electric wave by which incidence is carried out to a front face can be improved 
rather than a smooth front face, and the detection sensitivity of a car location can 
be improved. 

[0023] Moreover, according to this invention, the irregularity of the shape of a 
gear tooth of a saw can be formed in the front face of an electric-wave reflector, 
the electric wave by which incidence is carried out can be reflected in the 
direction of incidence, a backscattering property can be improved, and the 
detection sensitivity of a car location using an electric wave can be improved. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the partial perspective view showing the rough configuration of 
the electric-wave reflector 1 1 of one gestalt of operation of this invention. 
[Drawing 2] It is the side-face sectional view of the electric-wave reflector 1 1 of 
drawing 1 . 

[Drawing 3] It is the graph which shows the relation between the incident angle to 
the electric-wave reflector 1 1 of drawing 1 , and a reflection coefficient. 
[Drawing 4] It is the rough side-face sectional view showing the condition that an 



incident wave 17 carries out incidence to the electric-wave reflector 1 1 of drawing 
1 by the incident angle theta. 

[Drawing 5] It is the partial side-face sectional view and top view showing the 
rough configuration of the electric-wave reflector 41 of the gestalt of further 
others of operation of this invention. 

[Drawing 6] It is the partial side-face sectional view and perspective view showing 
the rough configuration of the electric-wave reflector 51 of the gestalt of further 
others of operation of this invention. 

[Drawing 7] It is the simplified front view showing the rough configuration relevant 

to the car location detection by the conventional technique. 

[Drawing 8] It is the simplified side elevation showing the rough configuration 

relevant to the car location detection by the electric-wave reflector by the 

conventional technique. 

[Description of Notations] 

11, 41, 51 Electric-wave reflector 

12 Road Surface 

13 Radiating Element 

14 Insulator 

17 45 Incident wave 

18 Normal 
20 Antenna 

46 Reflected Wave 
42 Irregularity 
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DRAWINGS 



[Drawing 1] 




[Drawing 4] 



[Drawing 7] 
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